Objective: To establish the mathematical model of human skin temperature changes under the infrared physiotherapy apparatus. To design the fuzzy PID controller based on the mathematical model.
Introduction
Infrared physiotherapy apparatus has a wide application in medicine, which improve blood circulation, promote metabolism, but also can be used to treat chronic infectious inflammation. Infrared radiation also has a certain role to prevent muscle atrophy, eliminate the cause of a strain of tissue edema, reduce the exudation of the burn wound, and promote scar softening. the professor Liu Jing, who come from Technical Institute of Physics and Chemistry CAS, proposed that the whole body hyperthermia can be used for cancer treatment [1, 2] . The infrared radiation of human skin's top temperature is 41.8 ºC. If temperature is too high, The therapeutic effect of hyperthermia on human body will not be improved. On the contrary, there is a risk of burning skin. At present, the research on the theory of infrared radiation is little, and it is not enough to study the characteristics of human skin temperature change under infrared light irradiation [3, 4] .
The Experimental of Infrared Light Irradiating Skin

Experimental Conditions
The size of the lab is 4m x 5m x 3m. Room's temperature is controlled by air conditioner, with temperature 23 C  , accuracy 1.0 C   . The experimental apparatus included an infrared hyperthermia apparatus, which were controlled by a 51 single chip microcomputer and can automatically set the temperature. The infrared temperature sensor was connected with hyperthermia apparatus, which can read the temperature of the skin in real time, and the measuring accuracy were 0.5. The Infrared temperature sensor return the data to 51 single chip microcomputer, which could make a quick response to the data and controlled output power. Experiment Subjects were three healthy men and three healthy women, aged between 40 and 50 years old. The subjects wore the standard summer clothing provided by the experimental group, including pants, shorts, shirts, and slippers. They were banned from drinking, smoking and forbidden to do strenuous exercise in the first 2 hours before entering the laboratory.
Experimental Method
The subjects sat in the first 30 minutes, then placed the experimental area (the back) in the 20cm under the hyperthermia apparatus. The infrared temperature sensor was placed in the 10cm above the test site [5, 6] . Firstly, the hyperthermia instrument was set to a lower temperature. When the skin temperature to be measured was roughly located at the set temperature and basically stable, the hyperthermia apparatus was reset to another higher temperature, and the temperature was recorded every 10 seconds [7] .
Experimental Data
The data obtained from the experiment was shown in Table 1 . 
Build Model by Step Response
Step Response Method
The transfer function of second-order plants with time delay can be expressed as:
K is a static amplification coefficient. y(  ) can be determined by analyzing the step response curve. u  is 10%. 1 T , 2
T and  can be obtained using the tangent method or using calculation method.
Tangent method is not easy to determine the curve's inflection point and tangent's slope, because the results' error is large. In this paper, the calculation method is used to solve the problem. The method is as follows: firstly two points are took, The two points corresponding to each of the 
, the system is the second-order plant. When 1 2 0.32 t t 
, the system is the first-order plant and
. When 1 2 0.46 t t  , It indicates that the process is higher than the second-order, but it still can be considered as the second-order plant.
Temperature Characteristics of Human Skin Irradiated by Infrared Light
Data Processing. Test data was imported into the workspace of MATLAB to become the primary cell array, which was converted to mat MATLAB format. The step response curve of the back was fitted by interpolation, which is shown in Fig. 1 . It can be seen that the heating system is second-order plants with time delay [8, 9, 10] . Now the curves would be analyzed.
The Model That Hyperthermia Instrument Irradiate The Back. As shown in Fig. 1 , The 2 points are selected on the curve of the fitted step response curve, in which 1 t is 0.4(y(  )-y(0)) and 
Design and Simulation of Fuzzy PID Temperature Controller
Fuzzy Pid Temperature Controller
The traditional PID control method has inherent defects, so the combination of PID control and other control algorithms is often used in the design of the controller and the combination of fuzzy control and PID control is a good solution. The fuzzy controller is composed of fuzzy generator, fuzzy inference machine, fuzzy canceller and fuzzy control rule base. Fuzzy PID control is that system adjust differential, integral, proportional which are three PID control parameters by using fuzzy controlling rule. The design of the fuzzy PID controller schematic is shown in Fig. 2 . The principle of PID controller is as follow. 
Build The Fuzzy Rules
According to the principles and rules of fuzzy PID controller, the correspondence of temperature deviation E, deviation change rate Ec, p k  , i k  and d k  are shown in Table 2 . Intial stage: At the intial stage, E is relatively large, so Kp should take a larger value to improve the response speed, Kd takes smaller values to reduce overshoot and Ki should take 0 to prevent the integral saturation. The mid-term: Kp and Kd decreases, Ki should take the appropriate median so that the system can not only guarantee a certain response speed, but also avoid the overshoot.
Later stage: E is relatively small, so Kp and Ki should be increased to reducing the static error and improving the stability.
According to the theory and a large number of experimental results, the membership function of each variable is chosen as the membership function of the trigonometric membership function which is shown in Fig. 3 .
The fuzzy reasoning method uses the Mamdani inference rule. E  reprent the temperature deviation membership function, Ec  reprent membership function of the rate of temperature deviation and Ex  reprent the membership function of the output control quantity [12] . Fuzzy relation is as follow.
The output membership function is obtained after reasoning:
We can deduce the fuzzy set of output. Then the temperature control parameters are obtained by solving the fuzzy with Centroid method.
The different input values (measured temperature value) are used for the above calculation. Then the corresponding temperature control parameters are obtained which are used to establish control The fuzzy PID controller, which takes the mathematics model as control object, is simulated in MATLAB. Under the control of fuzzy PID algorithm, the step response curve of the skin temperature change under infrared physiotherapy is shown in Fig. 4 . It can be seen that, under infrared therapy apparatus, skin temperature is stable, and obvious temperature fluctuations don't happen. Thereby, fuzzy PID controller effectively ensures the safety of the use of infrared physiotherapy equipment.
SIMULINK Simulation of Fuzzy-PID Controller
